Type II cryoglobulinemia is sometimes observed in patients with HCVinfection. It is also well knownthat some cases with membranoproliferative glomerulonephritis (MPGN) possess cryoglobulinemia, which can induce neuropathy. Wetreated a 73-year-old womanwith hepatitis C virus (HCV)whowas admitted to our department because of proteinuria. She was diagnosed as MPGNaccording to renal biopsy. Her ankle jerk was absent with reduced touch sensation and vibration below the knees; sural nerve biopsy revealed demyelinating neuropathy. Administration of prednisolone resulted in improved proteinuria. Cryoglobulinemia associated with HCVinfection seemed to induce MPGNand demyelinating neuropathy.
Introduction
Hepatitis C virus (HCV)infection can induce cryoglobulinemia because of monoclonal and polyclonal B-lymphocyte expansion ( 1 ) . Cryoglobulinemia is usually classified into three types: type I consists of a single monoclonal immunoglobulin component; type II has mixed monoclonal and polyclonal immunoglobulin components; type III has polyclonal immunoglobulin components (2) . There are several reports describing that type II cryoglobulin is frequently found in the serum of HCV-positive patients (2) (3) (4) (5) (6) . Moreover, some cases infected with HCVsuffer from peripheral neuropathy associated with cryoglobulinemia (7, 8) or membranoproliferative glomerulonephritis (MPGN) induced by cryoglobulinemia (9-1 1). Wehave recently treated a rare case of MPGN associated with demyelinating neuropathy. HCVantibodies were positive and the diagnosis of type II cryoglobulinemia was confirmed.
Westudied the nature and characteristics of this case showing MPGNand demyelinating neuropathy in order to clarify the precise role of cryoglobulinemia in the induction of those disorders and also the mechanismof development of cryoglobulinemia via HCVinfection. Wethink this is the first report of a patient who presented MPGNassociated with demyelinating neuropathy due to cryoglobulinemia induced by HCVinfection.
For editorial comment, see p 351.
Case Report
A 73-year-old womanwas admitted to our hospital for evaluation of proteinuria and hematuria in July 1998. She had a history of hepatitis from 24 years earlier. She was diagnosed as hypergammaglobulinemic purpura in 1 996.
On admission, she was 156.4 cm tall and weighed 48.8 kg, and her blood pressure was 158/80 mmHg.The conjunctiva was not icteric or anemic. Normal vesicular breath sound was heard over the lungs, and no cardiac murmurswere audible. The abdomenwas soft and flat, with no hepatosplenomegaly or palpable masses. In the lower extremities edema and purpura were noted. Neurological examination showednormal cranial nerve function, and normal limb strength and coordination. The ankle jerk was absent with reduced touch sensation and vibration below the knees. Laboratory findings on admission are shown in Tables 1  and 2 . Serum total protein, 7.2 g/dl; serum albumin, 3.5 g/dl; urinary protein, 1.3 g/day; blood urea nitrogen, 17.1 mg/dl; serum creatinine, 1.1 mg/dl; IgG, 2,190 mg/dl; IgA, 389 mg/ dl; IgM, 467 mg/dl. IgMK-IgG cryoglobulinemia was present in the serum, with a cryocrit value of 21%. The third component of complement (C3), 68 mg/dl (normal, 60 to 116); the fourth component of complement (C4), 12 mg/dl (normal, 15 to 44); hemolytic complement activity via classical pathway (CH50), 35.5 U/ml (normal, 29.0 to 48.0). Anti-hepatitis C vi- rus antibodies were positive. Rheumatoid arthritis particle agglutination (RAPA) was positive at a 1:10,240 dilution; and anti-nuclear antibody was positive at a 1 :40 dilution. Anti-SSA/ Ro antibody, anti-SSB/La antibody, and myeloperoxidase antineutrophil cytoplasmic antibody (MPO-ANCA) were not detected. Urinary Bence Jones protein was negative. Bone marrow aspiration showedno evidence of increased plasma cells. Nerve conduction studies showedmild decreased motor conduction velocities in the peroneal nerves (37.0 m/s on the left, 34.9 m/s on the right) and the tibial nerves (39.6 m/s on the left, 40.1 m/s on the right ) with absence of sensory response in the sural nerves. Arenal biopsy specimen showed enlarged lobulated glomeruli with diffuse mesangial and endocapillary hypercellularity, and focal double-contouring of capillary walls (Fig. 1) . Immunofluorescent evaluation showed predominant desposition of IgG, IgM, and C3 along the capillary wall. Sural nerve biopsy showed decreased large myelinated nerve fibers and no evidence of vasculitis. Toluidine blue-stained semithin sections demonstrated marked numerous thin myelinated fibers (Fig. 2) . Anti-ganglioside antibodies were negative. In this case anti-myelin-associated glycoprotein (anti-MAG) antibod- Nephritis and Neuropathy Associated with HCV Figure 2 . Sural nerve biopsy showed a marked loss of largemyelinated fibers with a difference between fascicles. There were numerous thin myelinated fibers (toluidine blue-stained semithin section, xlOO).
ies were not studied. Cerebrospinal fluid analysis was normal after prednisolone administration.
Based on these laboratory data and pathological findings, she was diagnosed as MPGNcomplicated with demyelinating neuropathy. Treatment with prednisolone (30 mg/day) resulted in decreased proteinuria as well as in improved neurological findings such as reduced touch sensation and vibration. Onthe other hand the serum HCV-RNA levels were increased after treatment with prednisolone. Liver function such as asparate aminotransferase (AST) and alanine aminotransferase (ALT) was not worsened during prednisolone administration.
Discussion
It is well known that HCVinfection induces several abnormalities in immunological function. It has already been reported that HCVis directly infected to mononuclear cells in peripheral blood and bone marrow cells (12, 13) . HCVinfection was also reported to produce a monoclonal or polyclonal B-lymphocyte expansion, resulting in formation of mixed cryoglobulinemia (1). Then some HCV-infected patients possess type II or type III mixed cryoglobulinemia. A high titer of IgMK rheumatoid factor (RF) is more frequently observed in the HCVinfected patients possessing type II cryoglobulinemia than in those with type III cryoglobulinemia, as compared with those with essential mixed cryoglobulinemia not associated with HCV (14) . The present case showed immunological abnormalities such as the presence of cryoglobulinemia and a high titer of RAPA, suggesting that type II cryoglobulinemia existed in this patient who had been infected by HCV. She showed proteinuria with hematuria and was diagnosed as MPGNaccording to the abnormal pathological findings detected by renal biopsy. On the other hand, it was reported that cryoglobulinemic glomerulonephritis usually occurs when type II cryoglobulinemia is present and also that IgMKRF is the most common monoclonal componentin such a type of nephritis (15) . Thus, MPGNin this case might be induced by type II cryoglobulinemia with a high titer of RAPA,according to the HCVinfection. IgMKRF existed in type II mixed cryoglobulins has recently been reported to bind cellular fibronectin (CFN) which is well known to be a constituent of mesangial matrix. It is, therefore, suggested that IgMKRF present in type II mixed cryoglobulins plays a crucial role in the pathogenesis of MPGNdue to its high affinity of IgMKRF for CFNin the mesangial matrix (16) . Treatment with prednisolone administration reduced proteinuria in this case, suggesting that steroid therapy is recommended for MPGNinduced by type II cryoglobulinemia with a high titer of RAPA, in accordance with HCVinfection.
Neuropathy is sometimes observed in patients with cryoglobulinemia, and intraneural vascular infiltration and/or vasculitis which causes axonal degeneration, is usually found by pathological studies ( 17) . Vasculitis-induced neuropathy is frequently associated with HCVinfection and high concentrations of anti-HCV antibodies and HCV-RNA in the cryoprecipitates are commonlyobserved in such a type of neuropathy (5). It has been reported that HCV-RNAis localized in epineurial cells when the nerve biopsy samples form patients of axonal nueropathy with type II cryoglobulinemia and HCV infection were analyzed by in situ reverse transcription-polymerase chain reaction (18) . Demyelination, however, was reported to be less commonin the patients with cryoglobulinemia ( 17) . In this case, sural nerve biopsy demonstrated a marked loss of large myelinated fibers with numerous thin myelinated fibers without evidence of vasculitis. It was reported that IgM deposits in myelin sheaths and separated myelin lamellae are observed in patients with type I IgM cryoglobulinemia (19) (20) (21) . These pathological findings are similar in the patients possessing anti-MAG antibody without cryoglobulins. The antiMAGantibodies were reported to bind to the surface of myelin in the peripheral nerve and may cause neuropathy according to complementfixation or other mechanismsof disruption of compact myelin (22) . Experimental models of animals into which anti-MAGantibodies were intraneurally or systemically transferred have demonstrated demyelination (23) . Approximately one-half of patients with peripheral neuropathy and IgM monoclonal gammopathy have IgM antibodies that can bind to MAG (24) . Thus, it is suggested that the present patient is a very rare case showing demyelination which is possibly induced by type II cryoglobulinemia with a high titer of RAPA, although only one case has been reported to showtype II cryoglobulinemia with IgMKinduced vasculitic neuropathy associated with anti-MAG neuropathy (25) .
In conclusion, we reported a unique case whowas HCVpositive and diagnosed as MPGN with demyelinating neuropathy, which was possibly induced by type II cryoglobulinemia with IgMKRF. The present studies clearly demonstrated that renal involvement and neuropathy could be caused by some immunological mechanism associated with IgMK.
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